


THE ACTIVE PRINCIPLE OF ERYTHROPHLOEUM LABOUCHERII. 


By James М. Ретке, D.Sc., F.1.C., Linnean Macleay Fellow of the 
Society in Biochemistry. 


(From the Physiological Laboratory of the University of Sydney.) 
(Plates xxin.xxiv., and two Text-tigures.) 


Erythrophloeum Laboucherii 1s the Ironwood tree of the Northern Territory 
and Queensland. It was first described by Baron von Mueller (2), ш 1859, 
under the name ot Laboucheria chlorostachya, and subsequently as E. chlorostachys 
(Е. v. M.) Baillin, and E. Laboucherii F. v. M. The latter is the name used in 
Bentham's Flora Australiensis, in the Index Kewensis and Engler’s Botany (1). 

This tree is a member of the family Leguminosae and is often referred to 
as Leichhardt’s leguminous ironbark tree, or the ironwood tree. Besides the 
origina] latin description by von Mueller, the leaves, flowers and pods are 
figured in the same author's work on Australian Acacias (3) and reproduced, 
with further notes, in the Queensland Agricultural Journal hy F. M. Bailey (7). 
It is also deseribed in the Queensland Flora (5) and in Bailey’s Weeds and 
Poisonous Plants of Queensland, with an illustration (6). (See Plate xxii.) 

Planchon, in 1907, deseribed with great detail the comparative anatomy of 
E. chlorostachya, E. guineense, E. couminga, and E. Fordi, in a Freneh publica- 
tion, and a full abstraet of this (9) may be seen in Just's Jahresberieht for 1908. 

At the beginning of an investigation of this kind where mueh time and labour 
may be expended on one partieular plant, it is of importance to have some general 
knowledge of the genus to which it belongs. In many instances information of 
mueh value is obtained by a consideration ot the position of a plant relative to 
the other species, and by a knowledge of the prominent eharaeteristies, or ot any 
remarkable properties whieh may have been recorded for other members of the 
genus. With this object the following data have been collected regarding the 
world distribution of the genus Erythrophloeum. 

This genus appears to be coufined to the Old World, and 12 species are known. 
In the great forests of Central Africa grows the dreaded ordeal tree of the pigmies, 
Erythrophloeum guineense, and all parts of this tree have long been known to 
contain a very poisonous alkaloid, named erythrophleme. 

Three other species belonging to tropical Africa are E. purpurascens Chev., 
E. iverense Chev., and E. pubistanineum Henn., but the nature of their juices 
is unknown. 

In Madagasear is found E. couminga Baill.; then erossing into Asia, we 
find in Further India and China five different species, E. Fordi and four others. 

Descending to the Philippine Islands one species is met with, Е. densiflorum 
(Elmer) Merrill. This plant has been investigated chemically in 1917 by Brill 
and Wells (20), who found, however, that it contained no poisonous substance. 
In this species the alkaloid of E. guineense was proved absent. 
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On continuing southwards we mect with the single Australian species Е. 
Laboucherii, in Northern and Tropical Australia. 

The powerful and poisonous alkaloid, whieh was first discovered in Е. 
guineense of Central Africa, has smee been identified also in E. couminga of 
Madagascar, and E. Fordi of China. It was proved absent in the Philippine 
species, and all the others are quite unknown. 

With regard to the Australian species the writer has found no record of 
any experimental work having been done. The Botanist Baron von Mueller is 
quoted in “Wittstein” (4) as having said that an alkaloid was present in this 
plant, bnt beyond this single statement there is no reference to any evidence 
for its support, and in al] probability the remark is founded on analogy alone. 

E. Laboucherii is endemic in Northern Australia. It has been fonnd along 
the whole vast stretch of coast land beginning about Vansittart Bay, the most 
northerly part of Western Australia, where it was first collected by Allan Cun- 
ningham. It contmues through the Northern Territory, and flourishes tn abund- 
ance np the Vietoria River and the Roper and Endeavour Rivers, where it was 
observed by Banks and Solander. It grows on all the great rivers which flow 
into the Gulf of Carpentaria, and was colleeted by Robert Brown on the 
numerous islands in the Gulf. It grows richly in the York Peninsula and is 
still very plentitul down the east coast of Queensland to the Tropic of Capri- 
corn. Dr. Shirley states that south of Rockhampton it oeeurs only very sparsely, 
and rapidly disappears. It is exceedingly rare to find it in south-east Queens- 
land. On Plate xxiv. are photographs of a tree and a close view showing the 
charaeteristie bark. 

Many Australian trees have been designated ironwoods, but here the name 
of ironwood tree is peeuliarly appropriate, for the red-eoloured wood 15 ex- 
eeedinglv hard, and is probably the hardest of all Australian timbers. 

It was used by the aborigines for making their womerahs and spear-heads. 

Thongh this plant was eolleeted by the great Botanists in the early days of 
Australian Settlement and described in detail by Mueller in 1859, there appears 
no aeeount of its polsonous properties until comparatively recent years. 

F. M. Bailey has deseribed the tree as one of the worst poisonous plants 
of Queensland, and how large numbers of stock are yearly lost from eating its 
leaves. He also deseribed how the tree forms numerous leafy shoots near the 
ground by sprouting from the roots. These masses of young green foliage, therc- 
fore, are very accessible to sheep and eattle, and are the chief eanse of mor- 
tality. 

Ten thonsand sheep were lost on Cambridge Downs through eating the leaves 
of this tree. The Stoek Inspector who reported the above tremendons loss 
stated that two leaves were sufficient to kill a goat (7). 

Bennett, in. 1904, wrote that this plant had proved most disastrous to the 
camels imported to earry the eopper ore from Mt. Garnet (8). 

Mr. Meston, formerly Protector of Aborigines of North Queensland. wrote 
in 1909 that “ the bark, wood, leaves, frnit and flowers of this tree are deadly 
poisonous. Its peeuliar properly is that it absolutely destroys the optie nerve 
and one bean mixed in your food would make you totally blind. A splinter from 
the tree needs about the same treatment as snakebite” (10). It is employed by 
the natives for criminal purposes. 

Mr. Allen, Direetor of the Botanie Gardens of Darwin, writes that this tree 
has been very tronblesome of late, many sheep, horses, and eows having died from 


cating the voung leaves. 
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THE ALKALOID OF THE CENTRAL AFRICAN SPECIES: Erythrophloeum guineense. 


Erythrophloeum guineense is опе of the group of poisonous plants used by 
the pygmies in Central Africa in the preparation of their arrow poisons. It is 
well known too from its use for criminal purposes. It is the Vkasa, the “doom 
tree” of the West Afriean natives, who use it in the trial by ordeal to deteet 
persons acensed of sorcery and witeheraft or other crimes. The bark alone is 
used for this purpose. A small piece is removed and pulverised; an infusion of 
this is made, and the accused persons are forced to drink a certain quantity. 
The general result of drinking this infusion is a rapid appearance of symptoms 
of poisoning. The first stage is characterised by violent vomiting, but, Ша 
sinall dose only has been given, these symptoms may disappear and the person 
recover, in which ease he is declared innocent and set free. If, however, a larger 
dcse has been administered, the seeond stage is rapidly reaehed in which the 
vomiting and purging continue, all power is suddenly lost from the limbs and 
the person falls to the ground. Не is then considered guilty of the crime and 
is either at once put to death, or quickly dies of heart-paralysis, the effect of 
this powerful draught. 

A vivid deseription of a trial by ordeal in the Gold Coast is to be found 
in the Pharmaceutical Journal for 1856. where it may be read with all its grue- 
some details (11). 

The ordeal tree was first examined ehemieally in 1876 by Gallois and Hardy 
of Paris (12). Their first experienee while working with this material was 
the violent fits of sneezing produeed by the powdered plant, and great care had 
to be taken to prevent the dust penetrating the respiratory passages. An in- 
tensely poisonous alkaloid was isolated which was named “erythrophleine” by 
the authors. Neither the base nor its salts eould be obtained in erystalline form, 
and the alkaloid was found in the bark, leaves and seeds. It was stated to be a 
powerful heart-poison. 

During the same year, E. Merck, of Darmstadt, prepared a large quantity of 
erythrophleme, and this was distributed to pharmaeologists in various countries. 
From this material Lauder Brunton (13) made a very extensive examination of 
the physiologieal properties of the alkaloid. The chief conclusion arrived at 
was that ervthrophleine possessed the pharmaeologieal properties of both the 
digitalis and the picrotoxin groups in its action on animals. He emphasised 
also the effeets on the respiratory organs: “All the men employed by ns in 
grinding or pounding the bark suffered severely from the violent and irresistible 
fits of sneezing which attacked them, and in one instanee these were accompanied 
by great faintness and tendency to syncope.” 

In 1888 there was a large prodnetion of published papers in medical litera- 
ture on the use of erythrophleine as а therapeutie agent. It was employed in 
heart diseases as а cardiac tonic. It was said to have no eumulative action and 
therefore, a valuable substitute for digitalis. lt was found to have a consider- 
able anaesthetie action like cocaine. It possessed certain local irritant properties 
when injected subeutaneously or instilled into the eye. 

In 1895 Merck succeeded in preparing a new supply of alkaloid, which he 
purified with extreme care, and with this. Harnack, in 1895 (16), proved that 
the pierotoxin aetion was eliminated, and the pure digitalis aetion alone was ex- 
hibited. Even with this pure substance the alkaloid was amorphous and its 
salts eould not be erystalhsed. 

Harnack determined the approximate composition of the base from the 
analysis of its amorphous platinum salt, and from these results the formula was 
provisionally expressed as Cos. Наз О: №. 
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Power and Salway (19) in 1912, from bark collected in the Belgian Congo; 
isolated an alkaloid which agreed in its properties and composition with that of 
Harnaek. These two authors worked also on a commereial specimen obtained 
from Merck. Merek prepared the hydrochloride salt with dry gas: the salt was 
obtained in the form of a viseid oil and not as before in the amorphons solid 
state (18). This hydrochloride gave the formula CesH4as07N.HC] with 6.9 
OC GIN 

The free alkaloid erythrophleine was obtained by precipitating the aqueous 
solutions of its salts by alkahes. The first floeculent preeipitate soon eolleeted 
into a resinous mass, and finally changed to a thick yellow syrup. It was very 
soluble in alcohol, ether, ethyl acetate and dilute acids, but msoluble in petroleum 
spirit or benzene. The substanee was very easily decomposed, evaporation in 
а solntion whieh was not quite neutral being suifiaent to change it partly. When 
heated with acids or alkalies. the solution became yellow, then a brown resinons 
substance separated, which cooled to a hard brittle solid. This was erythrephleie 
acid, C27 H40 Os. It was nitrogen-free, and nearly insoluble in water and acids. 
It was soluble in aleohol. ether and alkalies. When erythrophleine was heated 
in this way for a short time only. the nitrogen-free асі which was obtained re- 
duced Fehling’s solution, but when the heating was continued to complete des- 
truetion of the alkaloid there was no reduetion. The reducing was, therefore, 
due to some intermediate product, whieh was gradnally destroyed. This deeom- 
position was also aeeompanied by the evolution of a volatile base, whieh, in the 
case of material from certain sourees, was a nieotine-like base called manconine. 
and with that obtained from other sourcés was shown to be methylamine. 


EXPERIMENTAL. 


The problem presented is to determine by practical experiment whether the 
Australian tree, Erythrophloeum Laboucherii, owes its poisonous properties to 
the presenee in it of some definite ehemieal compound like the alkaloid of K. 
guineense, and whether such an alkaloid, if present, is identical with the erythro- 
phleine isolated from that plant. 

The material for this investigation was kindly offered by Mr. J. H. Maiden, 
Director of the Sydney Botanie Gardens. The plant was collected at the be- 
ginning of 1920 by Mr. Allen. Curator of the Botanie Gardens of Darwin. in 
the Northern Territory. To both, the writer takes this opportunity of express- 
ing his indebtedness and thanks. 

The sample consisted of a small amount of air-dried leaves and a few 
beans. 

Preliminary Tests.—An extract was prepared by macerating a small amount 
of the leaves, and also of the beans, in aleohol. When the solvent was distilled 
and the solid extraet treated with slightly acidulated water, a solution was ob- 
tained whieh gave very strong indieation of the presenee of an alkaloid in con- 
silerahle amount. 

The alkaloid was eontained in the leaves and, in relatively greater quantity; 
in the beans. 

The eharaeteristie tests for other aetive plant-primeiples gave negative re- 
sults: eyanogenetie glueosides and saponins were proved to be absent. 

The amounts of ash and water contained in the leaves and heans were 
estimated. 


Leaves. Beans. 
The air-dried powder contained water С 8.73 96 10.1 % 


» 3 » ash * t5 ae ee . 6 . t 2.45 2.5 


BY JAMES M. PETRIE. 331 


E.rtraction of the alkaloid. 


The leaves and fruits were treated separately. The air-dried material was 
brought to a state of fine powder by passing through a grinding mill, and during 
this operation considerable diseomfort was produced hy the irritating effects of 
the dust on the mucous membranes. 

The powdered plant materia! was transferred to large  pereolators and 
macerated with cold 70 % alcohol: this procedure was continued till the spint 
drawn off ceased to contain alkaloid. In this way 24 litres of alcoholic extract 
were obtained. and this was distilled under reduced pressure at a temperature 
below 40°C. 

The residue in the stills eonsisted of a thick black tarry mass, and this was 
poured into hot water. When the aqueous mass was left to settle a considerable 
quantity of resins was deposited, and this was washed repeatedly by deeantation 
till the fluid no longer gave alkaloid reactions. ‘The washings were eoncentrated 
and added to the main fluid. : 

This elear aqueous {hid was dark red m colour, slightly acid in reaction, 
and gave strong evidence of the presenee of an alkaloid. 

The taintly acid, aqueous fluid was then completely shaken out with ether 
in snecessive small volumes which removed eolouring matter, chlorophyll, resins 
and fatty oils. This aeid ethereal extract. measuring 10 litres. when distilled 
and dried, left а hard brown solid mass, weighing 20 gms. 

The aqueous fluid was then made alkaline with sodinm earbonate, and again 
extracted with ether, until the last ethereal solution contained no alkaloid. In 
this way the whole of the alkaloid was removed by the ether. The voluminous 
ethereal solution was distilled, the ether reeovered, and the viseous syrup re- 
maining in the still was transferred to a beaker. This residue whieh was dark 
brown in colour and resinous, was treated with faintly aeidulated water, in whieh 
the alkaloid dissolved, leaving the resinous portion insoluble. From this aeid 
solution the whole of the alkaloid was precipitated by sodium carbonate: it was 
then removed in solution by shaking np with ether. and the ethereal fluid dis- 
tilled to dryness. This dry residue was pale amber-eoloured and entirely amor- 
phous, and when a second time it was extracted with acidulated water, sodinm 
carbonate precipitated the alkaloid in white floeeulent partieles. These were re- 
moved, and dissolved in elher, from whieh the alkaloid was finally ohtained as 
a white horny substance. It was then dried and weighed. 

The yield of alkaloid.—From 2.8 kilograms of the leaves 56 milligrams of 
the amorphous alkaloid were obtained, or 0.002% of the air-dried leaf-powder. 

The beans gave а imueh larger quantity—290 grams of this material yielded 
S7 milligrams of the alkaloid, or 0.035 of the air-dried beans. 


Properties of the alkaloid. 


Physical—The substance obtained by evaporation of the ethereal solution 
from the leaves, and that from tlie beans, appeared to be identYeal, and consisted 
of a semi-transparent amorphous mass, almost white in eolonr. 

It was soluble in aleohol. ether, ethyl acetate, chloroform, amyt alcohol and 
acidulated water. but quite insoluble in distilled water alone. 

The solutions of the base exhibited a strong alkaline reaction and possessed 
an intensely bitter taste. The dilute acid solutions were readily and completely 
precipitated hy sodium carbonate, or sodium hydroxide, while annnoninm hydroxide 
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preeipitated only eoneentrated solutions. These precipitates were white opaque 
floceulent masses, which on standing in the air for a short time became viseous. 

Chemical.—V«ery dilute solutions of the salts of the alkaloid gave dense pre- 
eipitates with the following eharaeteristie reagents:—Wagner’s solution, Mayer's 
solution, phosphotungstie aeid, phosphomolybdie acid, репе acid, and tannie 
acid. 

Sulphurie acid produeed a bright yellow colour. 

Potassium permanganate and concentrated sulphurie acid yielded a deep purple 
to red solution, somewhat similar to the stryebnine reaction, with very slow re- 
duetion of the reagent. 

Potassium ehromate and concentrated sniphurie acid rapidly produced a 
greenish blue colour whieh remained permanent. 

The preparation of the hydrochloride of the alkaloid was next tried. About 
40 unlhgrams of the pure dry amorphous alkaloid were dissolved in dry ether. 
Into this solution was passed a current of pure, dried, hydroehlorie acid gas. 
A brown oily sediment gradually settled to the bottom of tbe vessel and on re- 
moval of the ether there was left à brown viseons residue which on examination 
proved to be the hydrochloride of the alkaloid. Many attempts were made to 
erystallise this substance, but it still retained its viscous nature. Nor were the 
efforts to transform it to sulphate and pierate salts more successful. 

Determination of the chemical equivalent.—Vor this purpose a portion of the 
punfied white amorphous alkaloid was dissolved in pure ethyl aleohol and water, 
treated with excess of centinormal hydroehlorie acid, then carefully neutralised 
with eentinormal soda and methyl orange indicator. 

0.08 gm. alkaloid required for neutralisation .. .. .. .. See. OLN ПС 
equivalent to 0.0029 gm. НС! 
100 změ ЕТ require 1225 сос. xo о. о. осо, ERU NER 
1000 ems» alkaloidi wouhl require s 4.2%. ЕС см 
шо. ус = SUO ат 
In formula ВАСІ equivalent. weight of alkaloid = 1000 (appros.) 
" [В]2.НС! z T == oO » 





Evamination of the remaining solutions. 


The ethereal ertract, previously obtained by shaking out the aeid solution 
with ether, was distilled, aud from this 20 gms. of residue were obtained. This 
residue was redissolved in ether and treated with sodium earbonate solution. The 
alkaline liquid was agitated and run off a number of times, and these various 
solutions were notable for their. brilliant colours, varying from violet to crimson- 
red, АП these colonrs, however, soon became а uniform reddish-brown, and 
when the solutions were acidulated with hydroehlorie acid, а dark brown oil 
formed on the surtaee, and a light brown curdy precipitate was deposited. 

This precipitate was soluble in alkahes and aleohol. forming а deep rec 
solution. Concentrated sulphuric acid also dissolved it ах а bright yellow soln- 
tion, Which on dilution Formed a violet precipitate; and ferrie chloride produced 
an intense green colour. 

The aqueous solution, after extracting the alkaloid with ether from the 
alkaline solution. possessed a deep red colour, was free from the bitter taste of 
the original solulion, and gave no alkaloidal reactions. 1 was precipitated by 
lead aeetate solution, and after the removal of the lead by hydrogen sulphide in 
the usual way, both precipitate and filtrate were examined. 
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The lead -acetate precipitate.— he concentrated solution was shaken ош 
with ether 10 times. This ethereal solution was a deep yellow colour and was 
next agitated with (а) ammonium carbonate, and (b) sodium earbonate. 

(a). The ammonium earhonate extract was acidulated with sulphurie acid, 
shaken out with ether, and the solvent distilled. А butf-eoloured crystalline re- 
sidue was obtained, which was diflieult to purify. This substance was soluble in 
water, alcohol, ether, chloroform, acetone and ethyl acetate, but these solvents 
dissolved both erystals and impurity together, and reerystallisation did not im- 
prove the appearance of the erystals. The aqueous solution was next digested 
with animal ehareoal, and filtered. During the filtration the colourless solution 
beeame purple, the first washing with water vielded a blue solution, and the 
second washing beeame green. 

The erystals which were obtained atter this treatment were still impure. 
The aqueous solution was aeid to litmus and possessed a hot peppery taste. It 
eave a negative reaction with Molisch’s test. The erystals were lath-shaped 
with pointed ends and oeeurred in groups of rosettes. After drying at 100°C., 
ihe melting point was tested, when it was found that at 172°C. some change 
took place, resulting in the formation of a white sublimate in the tube, and a 
white film round each erystal. About 216°C. the substanee melted and charred. 

The neutralisation equivalent was obtained by titrating 14 milligrams of the 
erystals with 6.5 e.c. of centinormal soda, whieh gave 216 as the moleeular weight 
of the aeid. The amount of material was too small for further investigation. 

(b). The sodium earbonate extract also exhibited the briliant colours. For 
example, the first addition gave a bright violet. (permanganate) colour to the 
alkaline solution, the second addition yielded a deep green colour which rapidly 
changed to eherry-red. Acidulated with sulphurie or hydroehlorie acid the solu- 
tion was yellow, and when reshaken with ether the etherea] solution also was a 
bright yellow colour. When filtered the latter solution became red and violet by 
oxidation. On evaporation the ether left a red solid. This substance was soluble 
in dilute ammonia forming а deep reddish-violet. colour, gradually — becoming 
brown on standing. This, on acidulating with sulphuric acid, gave an intense 
yellow eolour. 

The lead acetate filtrate—This was shaken out with ether many times, and 
the ethereal solution after eoneentration was agitated suceessively with am- 
monium earhonate, sodium earbonate, and eaustie soda. These solutions when 
acidified with sulphurie aeid and agitated with сег, after distillation left a 
small oily residue of a dark brown colour. 

Luteolin, «nd other colour substances — Теке various alkahne hquids with 
the many different colours ranging from yellow, green, blue, to violet and red alt 
отайпаЙу changed to а uniform brownish-red colour on standing for some time, 
and the aeidulated solutions gave brown precipitates. 

Certain of the above remarkable eolour changes, and the reaetions deserihed, 
correspond to those obtained for the yellow dye luteolin by Power and Salway 
(19) in their investigation of Erythrophloeum guineense. These authors. ob- 
tained a very small amount of Inteolin from a large «quantity of the plant, and 
they showed that it existed in the plant as а glucoside. 

Conspieuous evidenee of the presenee of other powerful eolouring matters 
was shown, but the amount obtained was not snifieient for further examination. 

The aqueous solution remaining from the lead aeetate filtrate after agitating 
with ether. contained mueh sugar. 
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PHYSIOLOGICAL ACTION OF ERYTHROPIILOEUM LABOUCIIERII. 


J. M. Petrie and H. Priestley, M.D., Ch.M., B.Se., Associate Professor of 
Physiology. 


(a) External Action. 


The powdered leaves act as a violent irritant. During the grinding and 
drying of the material for analysis all those who came in eontact with the fine 
dust, or inhaled the air of the room in which the powder was spread out to dry, 
suffered from violent fits of sneezing. In one case [J.M.P] the action of this 
irritating dust on the respiratory mneous membranes was so severe as to incite 
acute bronchial inflammation. 


(b) -tection on cardiac muscle of the Frog. 


А solntion of the purified. hydrochloride salt of the alkaloid was prepared 
by dissolving if in 0.7% sodium chloride solution, that is, a physiological normal 
saline solution containing 0.5% of the alkaloid. 

In a pithed frog the heart was exposed and the apex attached to a writing 
lever. After recording the normal heats for a short time the prepared alkaloid 
solution was dropped on the heart, from 2 to 4 drops being apphed. 


Exp. 1.—H yla aurea, weight 12 gms. 


‹ Heart- 
Time | beats. Observations. 
per min. 
i 64 Exposed heart beating regularly. 
after | 4 drops of alkaloid solution applied to heart. 
5 secs. < 
1 mmn 58 Diastole incomplete. 
6 mins. 24 Liver engorged, sinus venosus dilated. 
Convulsions 
| Prolonged systole. 
7 mins. | Heart stopped for 5 secs. in diastole. 
10 mins. | 0 Heart stopped in systole. 


И mins. Fibrillar twitchings of the heart. 


а —- - = ES 











The diastolic standstill for 5 sees. was probably a result of stimulation of 
the vagus centre. Partial contractions of the auricles continued after the ven- 
tricle had stopped in complete systole. 


Exp. 2.- Hyla aurea, weight 12 gms. (See diagram.) 


Time Heart Observations 

beats 

4S Normal heart. 

after Applied 4 drops of alkaloid solution. 
Е min. | 48 
2A 45 
8. | 38 Convulsive movements. 
6 8 36 


QUE 0 Heart stopped, with ventricle slightly contracted. 
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In this mstanee when the heart stop- 
ped the ventriele was irregularly econ- 
tracted, and it contained blood in small 
isolated patches, especially about the 
base. The diagram shows the record 
at the beginning, middle, and end of 
the experiment. The mark under the 
top line indieates where the alkaloid 
was applied. 


Exp. 3.— Наа aurea, weight 17 gms. 


Heart | 








Time Observations. : 
beats | 
after 68 | Normal heart. 
4 drops alkaloid solution 
applied to heart. 
l min.; 60 
а=. 51 Beats became weaker. 
d M. 30 Convulsive movements. 
4 


0 Heart stopped in svstole. 


The diastole beeame less perfeet, and 
the systole stronger and тоге perfeet. 


Exp. 4.—H yla caerulea, weight 39 gms. 


Effeet of small dose on large frog. 


(See diagram). 








Time EN Observations. 
| 66 Norma! heart. 
| 1 drop alkaloid solution 
after applied to heart. 
1 min 63 
a) / 5 | 
+, | 63 
5 „| 54 
ü ЖЕ: L drop alkaloid soln., 2nd. 
| | application. 
T 1-51 
S. „ 45 
10. 30 | 
15 „| 15 | 
BUS, | 9 | Prolonged periods of stop 
| in diastole. 
39 1 | Heart stopped in systole. 
S0 > 0 | 


Two drops of the 0.557 solution were 
applied in this ease; the heart gradu- 
айу beat slower and weaker. fill it 
stopped with the ventricle in systole. 


PETRIE. 
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The action of the Erythrophloeum alkaloid on frog's heart. 
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Atter the seeond applieation of alkaloid solution the rhythm of the heart 
changed, The systohe contractions were slightly increased. The beats were 
slower, and the continued widening of the eurve, produced by the prolongation 
of the period of diastolic panse, was enormously drawn out near the end, til 
the final systolic contraction remained permanent. 

In another experiment with the frog heart the number of heats decreased, 
and this was aceompanied by an inerease and lengthening of the diastolic 
phase. The ventricle remained ful of blood when the heart had eeased to beat. 

In the diagram, parts of this reeord are shown. The top line shows the 
commeneement of the experiment, the second line after 10 minutes, the third 
line after 20 minutes, and the fourth liue the end at 30 minutes. 


(c) Action on Dogs. 


The animals were anaesthetised by ether vapour. The blood pressure in the 
left carotid artery was recorded on the kymograph, and also the respirations by 
a stethograph drum fixed on the chest. The alkaloid, in the form of a saline 
solution of the hydrochloride, was injected from a burette into the right jugular 
vein. The concentration of this solution was equivalent to 1 milligram of alka- 
loid in eaeh eubie eentimetre of 0.955 physiological salt solution. 





weight 3800 ems. 
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interv pM pressure per min. per min. Observations. 
mms. | 20 | 135 Normal records. | 
after Ran in 25 mgs. of alkaloid during 
| l6 secs. 

20 secs. 184 | 150 Max. blood-pressure observed. 
40 , 164 
60 , 176 26 
1 min. 40 132 | 81 Min. blood-pressure observed. 
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The time was reckoned from the completion of the injection. 

The action of the alkaloid was almost instantaneous. 2.5 milligrams were 
injected, and before the last drop had entered the arterial pressure had risen 
considerably. The maximum pressure was reached 20 seconds after the end of 
the injeetion. The immediate result of the injeetion showed the blood-pressure 
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increased hy 72 millimetres in 20 seeonds and the rate of the heart beats in- 
creased by 15 per minute. The blood-pressure then fell and rose again, all 
within the first minute. After lmin. 40sees. the minimum point was reached 
where the blood-pressure dropped 52 millimetres below the maximum. It then 
rose, and remained high during 6 minutes, after which it began to fall, and 
continued till the end of the experiment. 

The respirations decreased gradually from beginning to end. They had 
fallen to half the number in 6 minutes, and stopped at 12 minutes. 

From the period of maximum blood-pressure, after 20 seconds the curve 
of respiration showed an ever inereasing period of rest, or broadening out at 
the end of each inspiration. 

In this experiment the mtravenous injection of 0.0025 gram of alkaloid 
into a dog weighing 3800 grams proved fatal 11 12 minutes. This amount is 
equivalent to 0.6 milligrams per kilogram of body-weight. 


Exp. 6.—Dog, weight 2900 ems. 


. Time Blood-press. | Respirations; : 
interval anos per min. | Observations. 
| Меап 100 44 Normal reeords 
alter Injected 1 mgm. alkaloid during 30 sees. 
і min. Ж B3 | 47 
2 ” хе 115 o0 
m x EF E Second injection, 1 mgm. alkaloid, $ secs. 
.) T 
6 & 40 
HE M 155 44 
lU , Mas. 15 | Third injection, 3 mgms. alkaloid, 18 secs., 
heart-beats 228 per min. 
L1 M 180 40 | 
Е й 160 17 Blood-pressure began to drop. 
[pe ү 140 12 | Heart beats very irregular, 
pi. $ 30 | ? | 
5 p zero | 0 | Fibrillar twitchings observed. 
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After the intravenous injection of 1 mgm. of alkaloid an instantaneous rise 
was observed in ihe arterial blood-pressure. which reached its maximum after 
| min. and then fell. After а seeond injeetion of the same amount {he pres- 
sure rose again to the same level and this time remained up. After 10 minutes 
а third injection of 3 milligrams was made. This time, although the mean 
pressure was unchanged, the maximum height rose 24 millimetres. One minute 
after the last injection the pressure began to fall and 2 minutes later the animal 
was dead. The respirations after the first small dose were increased in mumber. 
but after each subsequent mjeetion no increase was observed. The depth of 
respirations in. this experiment did not alter to any extent. 

A post mortem examination showed the heart in diastole, but eongested 
with blood on the right side only. The right ventricle was extremely dilated 
while the left was empty. ` 

The liver, spleen, and intestines were very pale in eolour, and peristaliie 
moyements were very eonspicenous, 
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Exp. 7.—Dog, weight 9450 gms. 


Aetion on Respiration. 
Number of 





Observations. Time respirations 
per min. 

Nora] curve shows. 60 
Injected 0.5 mgm. into artery. after 

Blood-pressure rose. 1 miu. Т1 

= 11 

i2. 71 

Y 3 63 


Second injection 1 mgm. into artery. 


Biocd-pressure rose. ox 60 
De 71 
158 85 
Third injection 1 mgm. into artery. 
Biood-pressure dropped. == 95 
Ds. 19 
 Blocd-pressure rose again. i5 ,, 71 
; I9 2 31 
Heart-beats very irregular. 25. = | 28 
Dog dead. 23 0 





The arterial pressure curve showed a rise of blood-pressure immediately 
following the first and seeond mjections, but not the third. The last injection 
was followed by a sudden drop, and after 1.5 minutes by a rise to a still higher 


level. 
Summary of Results. 


When very small doses of the alkaloid were administered to animals, in these 
éxperiments, a complete ehange was observed in the heart-rhythm and respira- 
tions. 

Blood-pressure.—During the few seeonds required to run in the solution, 
the blood-pressure rose, and quickly reaehed a maximum. This was soon 
followed by a drop, whieh, however, never reached the previous normal level 
but rapidly rose again and remained high till near the end when it rapidly 
fell to zero. 

lleart-beats.—ln one frog alone the heart-beats were aecelerated; in the 
other frogs the number was deereased. The dog in experiment 5 showed a 
large inerease after the injeetion. 

Respiration.—ln experiment 5 after an injeetion of 2.5 milligrams the 
number of respirations gradually deereased during the 12 minutes, from 27 to 
0 per minute. In No. 6 experiment 1 miligram injected prodneed an increase 
in number, but after a seeond and third injection the number gradually lessened, 
and eeased after 13 minutes. In No. 7 experiment 0.5 milligram aeeelerated the 
respirations, and after a seeond and third injeetion still further aeeelerations 
were observed. One minute after the last, the number deereased, and 7 minutes 
later the respiration. ceased. 

The ehief eharacteristie of the drug is, therefore, its action on the heart- 
musele. The tone is inereased, heart relaxes less during diastole, and in the 
later stages the heart-beats heeome very irregular. The heart in most eases 
eomes to a standstill in systole. 

Convulsive movements were observed in the animals towards the end of the 


experiments. 


346 THE ACTIVE PRINCIPLE OF ERYTIIROPHLOEUM LAUOUCHERII, 


The general result of these experiments would refer the alkaloid to the 
digitalis group in its pharmacological action. 


Discussion OF RESULTs. 
The alkaloids of E. Laboucherii and E. guineense compared. 
(a) Chemical Properties. 


The alkaloid of the Australian species elosely resembles the deseription of 
Merck's pure erythrophleine. Both alkaloids and all their salts were unerystal- 
lisable syrups. The hydrochloride, prepared under the most eareful eonditions, 
was obtained as a viscous yellow oil, which dried into a brown solid glutinous 
mass: in this respect it resembled the product of Merek, and of Power and 
Salway. 

Harnaek's provisional formula for  erythrophleine, C23H4307N, was 
obtained from the amorphons platinum salt, and represents a molecular weight 
of 505. 

Power and Salway obtained an approximate agreement of the above formula 
from the analysis of the hydrochloride, whieh they prepared from a sample of 
Merck’s erythrophleine. This hydrochloride salt yielded to the authors (6.9% 
Cl) 7.1% НСІ and corresponds to the formula B.HCl (B—1 molecule of Base). 

The alkaloid from the Australian species, on the other hand, when titrated 
with the greatest care gave 3.64% of hydrochlorie aeid, just half the amount 
obtained by Power and Salway. This amount, however, eorresponds to the 
formula [B]e .НСІ. 

[Css Наз От N] .ИС] requires 7.21% НСІ. 

[Css Has От N]» -HCI . 3.61% HCI 
Aeeepting the latter as the formula of the hydroehloride obtained from the 
Australian Erythrophloeum, tbe agreement in the moleeular weight thus found 
is 50 elose as to justify the eonelusion that the alkaloid is identieal with the 
erythrophleine of the Afriean species. 


(b) Physiological Properties. 


The violent effeels produced on the respiratory organs by this plant, during 
the grinding and preparing of the sample for analysis, were also experieneed 
and noted by all the investigators of E. guineense. 

In the examination of a pharmaeologically aetive plant, the eolleetive effeets 
produced iu the animal body by the аейуе prineiple are referred to certain 
types or groups of substances. In this way we observe the aetion of the 
atropine group, the eurare, or the digitalis group. The action of the digitahs 
group is recognised chiefly by a speeial action on the eardiae musele, with 
which there is a strengthening of the systolie phase of the heart and finally 
complete stopping of the ventnele in systole. 

The substanees whieh produee these etfeets are certain organie compounds, 
mostly glucosides, whieh have been obtained from plants, and include digitalis, 
apoeynin, anliarm, convallamarin, helleborein, oleandrin, seillain and some of 
the Afriean arrow-poisons. 

The general action of the digitalis group as indicated above, was observed 
in all the experiments on frogs and dogs earried out with the alkaloid of 
Erythrophloeum Laboucherit. 
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The pharmacological properties were compared with those of E. guineense 
in the literature quoted, being the investigations of Lauder Brunton, Harnack, 
Merck, and Dr. Dale of the Welleome Researeh Laboratories. The alkaloids of 
the two species of Erythrophloeum have the same action: that is, the active 
principle of the Australian E. Laboucherii is the alkaloid erythrophleine. 

It is remarkable that a group of properties hitherto known to belong only 
to certain glucosides should also be exhibited by an alkaloid. 


The red colouring substances. 


Luteolin is a flavone derivative, one of a group of yellow dyes produced in 
the metabolism of plants. It has been identified in Dyer’s weed (Reseda 
luteola), Digitalis purpurea, Genista tinctoria and Erythrophloeum guineense. 
It exists in three states:—as free luteolin, as methyl esters, and as glueosides of 
both of these. It is closely related to the quercetin dyes, including Mr. Н. G. 
Smith's myrticolorin, obtained from the leaves of the Eucalyptus. Luteolin is 
isomeric with fisetin and lotoflavin, also yellow dyes. The latter constitutes one 
of the groups, with sugar and hydroeyanie acid, forming lotusin, the cyano- 
genetic glucoside of the lotus plants (Lotus arabicus, L. australis, L. corniculatus, 
ete.). All these flavone derivatives are built round the important pyrone ring, 
and by the number and position of their hydroxy groups their tinetorial pro- 
perties are determined, and the various members are identified. Luteolin is a 
tetrahydroxy flavone. 

A most prominent feature throughout this investigation was the deep red 
eolour of the solutions. There 15 no doubt that this red colouring matter 1$ 
closely connected with the characteristic colonr of the wood, as myrticolorin 1s 
with the red stringybark (Eucalyptus macrorhyncha). 

These flavone glueosides are important metabolic products of the plant tis- 
sues, and possess an astringent and very bitter taste. The intensely bitter taste 
of the original extract of the leaves of E. Laboucherii was douhtless in part due 
to this cause. 
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EXPLANATION OF PLATES XXIII.-XXIV. 
Plate xxiii. 


Erythrophloeum Laboucherti, leaves and fruit. 


Plate xxiv. 


Erythvophloeum Laboucher tt. 


Fig. 1. Close view showing characteristic bark. 
Fig.2. Tree growing in Northern Territory. 


